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1
METHOD TO PRODUCE BIO-RENEWABLE
PROPYLENE FROM OILS AND FATS

TECHNICAL FIELD

The present invention relates to a method for producing
bio-renewable propylene (propene) from oil(s) and/or fat(s).
Specifically, the present invention relates to a method of
subjecting naturally occurring (renewable) oils(s) and/or
fat(s) to hydrogenation, separating a propane feed from the
hydrogenation product and subjecting the propane feed to
dehydrogenation to provide a propylene material after puri-
fication/separation. The propylene material may then be
further processed.

TECHNICAL BACKGROUND

Propylene is a base material for several high volume
chemicals such as acrylic acid, propylene oxide and poly-
propylene that are consumed annually about 2700 kt, 9000
kt and 60 000 kt, respectively. Acrylic acids are mainly used
in the production of super absorbents, coatings and paints.
Propylene oxide is as precursor for several high volume
chemicals such as butanediol, polyether polyol and propyl-
ene glycol. Polypropylene (PP) is the second most common
thermoplastic polymer and it is found in many applications
such as packages, transportation, construction, consumer
goods, electronics etc.

The majority of the propylene production at present is
based on fossil material and involves large scale cracking
facilities.

Presently available methods to produce bio-based poly-
propylene, propylene oxide or acrylic acid have only limited
value for industrial scale production.

WO 2014/079785 Al discloses a method for producing
water absorbent polymer particles comprising thermal
cracking/steam cracking e.g. oils/fats (“bio-naphtha) to
produce a mixture comprising propane and propylene, gas
phase oxidation of the mixture to form acrylic acid and
propionic acid, and subsequent polymerization.

EP 2 290 034 Al discloses a method of steam-cracking
free fatty acids (FFA) and/or fats/oils to produce mainly
propylene and ethylene.

US 2011/0230632 Al discloses a method for conversion
of biomass to polymers, including steam cracking of hydro-
carbons derived from biomass and subsequent polymeriza-
tion of olefins obtained by steam cracking.

Bio-renewable oil(s) and fat(s) comprise glycerides, and
every glyceride molecule (e.g. mono-, di-, triglyceridic)
contains a glycerol backbone. Upon hydrogenation, this
glycerol backbone is usually converted into bio-propane.
This bio-propane is currently marketed as a fuel.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide an
improved method for the production of propylene.

The inventors of the present invention surprisingly found
that propane originating from hydrogenated bio-renewable
0il(s) and/or fat(s) can be used as a valuable raw material for
a dehydrogenation process where it is converted to propyl-
ene. Specifically, the inventors found that propane produced
according to the present invention can be used as raw
material for dehydrogenation similar to fossil propane, while
the bio-renewable propane feed of the present invention is
favourable over fossil propane feeds in terms of its usability
in the dehydrogenation process.
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2

The present invention relates to one or more of the
following items:

1. A method for upgrading a bio-based material, the

method comprising the steps of

pretreating bio-renewable oil(s) and/or fat(s) to provide
a bio-renewable raw material,

deoxygenating the bio-renewable raw material, fol-
lowed by separation, to provide a propane feed, and

subjecting the propane feed to dehydrogenation and to
separation to provide a propylene material.

The method of the present invention provides the benefit
that a highly pure propylene material can be produced and
furthermore the dehydrogenation step is very effective
because the propane feed can be provided with high purity,
thus reducing catalyst poisoning. That is, other than in the
case of fossil feeds (mainly comprising hydrocarbons) used
for propylene production, the potential catalyst-poisoning
substances (mainly S, N and P containing material) can be
easily removed in the pre-treatment step because these
materials can be separated from the oxygen-containing
bio-renewable o0il(s) and/or fat(s) using simple and effective
procedures.

Moreover, since the propane feed can be produced in high
purity with only few catalyst-poisoning impurities and fur-
thermore containing only low amounts of higher-boiling
hydrocarbons, a highly pure and highly concentrated pro-
pylene material can be produced which is a valuable mate-
rial for further use e.g. in polymer chemistry.

2. The method according to item 1, wherein the deoxy-
genation step is at least selected from hydrodeoxygen-
ation, decarboxylation, decarbonylation, and hydroc-
racking, preferably hydrodeoxygenation.

The deoxygenation step is most suitably conduced as a
hydrodeoxygenation step, especially when the bio-renew-
able raw material contains glycerides and/or glycerol. That
is, using this procedure, the glycerol-based structures are
converted to propane with high yields.

3. The method according to item 1 or 2, comprising the
step of subjecting the C3+ components produced in the
deoxygenation step and separated from the propane
feed to cracking, after optional isomerization, to pro-
duce more gases, followed by separation of at least
propane in the gases and combining the thus obtained
propane with the propane feed.

In the context of the present invention, C3+ components
refer to components having more than 3 carbon atoms. Since
the components are derived from the deoxygenation step,
these C3+ components will usually have more than 3 carbon
atoms bound to each other as a chain or as a (poly)cycle with
no heteroatoms. By subjecting the C3+ components to
cracking, the yield of propane can be further increased.

4. The method according to any one of the preceding
items, further comprising an isomerisation step after
the deoxygenation step.

5. The method according to any one of the preceding
items, wherein the pretreatment step is a step of reduc-
ing contaminants containing S, N and/or P in the oil(s)
and/or fat(s) to produce the bio-renewable raw mate-
rial.

6. The method according to any one of the preceding
items, wherein the pretreatment comprises one or more
selected from washing, degumming, bleaching, distil-
lation, fractionation, rendering, heat treatment, evapo-
ration, filtering, adsorption, hydrodeoxygenation, cen-
trifugation or precipitation.
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The above pretreatment methods are simple and effective
methods for removing the potentially catalyst-poisoning S,
N and P contaminants.

7. The method according to any one of the preceding
items, wherein the step of pretreatment of the bio-
renewable raw material comprises at least one of partial
hydrogenation, partial deoxygenation, hydrolysis and
transesterification.

8. The method according to any one of the preceding
items, wherein the bio-renewable raw material com-
prises glycerol and/or fatty acid esters.

9. The method according to item 8, wherein the bio-
renewable raw material comprises glycerol which is
produced by hydrolysis and/or transesterification of the
bio-renewable oil(s) and/or fat(s).

Specifically, the bio-renewable raw material may be a
stream containing (or essentially consisting of) glycerol
produced by hydrolysis and/or transesterification of oil(s)
and/or fat(s), which is a usual procedure in the production of
biodiesel. For example the preparation of fatty-acid methyl
ester (FAME) involves transesterification of e.g. glyceride
feedstocks, and glycerol is a by-product of FAME produc-
tion amounting to approximately 10 wt % of the production
of FAME. Commonly, the glycerol was regarded as an
impurity and/or side product of low value in these processes.

10. The method according to any one of the preceding
items, wherein the propane feed has a propane content
of at least 80 wt.-%, preferably at least 85 wt.-%, at
least 87 wt.-%, at least 88 wt.-%, at least 89 wt.-%, at
least 90 wt.-%, at least 91 wt.-%, at least 92 wt.-%, at
least 93 wt.-%, at least 94 wt.-%, at least 95 wt.-%, at
least 96 wt.-%, or least 97 wt.-%.

11. The method according to any one of the preceding
items, wherein the bio-renewable raw material has a
total sulfur content of at most 500 ppm, preferably at
most 300 ppm, at most 200 ppm, at most 100 ppm, at
most 60 ppm, at most 50 ppm, at most 40 ppm, at most
35 ppm, at most 30 ppm, at most 25 ppm, at most 20
ppm, at most 15 ppm, at most 10 ppm, or at most 5
ppm.

12. The method according to any one of the preceding
items, wherein bio-renewable raw material has a total
phosphorus content of at most 300 ppm, preferably at
most 200 ppm, at most 100 ppm, at most 80 ppm, at
most 50 ppm, at most 40 ppm, at most 35 ppm, at most
30 ppm, at most 25 ppm, at most 20 ppm, at most 15
ppm, at most 10 ppm, or at most 5 ppm.

13. The method according to any one of the preceding
items, wherein bio-renewable raw material has a total
nitrogen content of at most 400 ppm, preferably at most
300 ppm, at most 200 ppm, at most 100 ppm, at most
60 ppm, at most 40 ppm, at most 35 ppm, at most 30
ppm, at most 25 ppm, at most 20 ppm, at most 15 ppm,
at most 10 ppm, or at most 5 ppm.

The contents of the above-mentioned contaminants can be
reduced to considerably low amounts using comparatively
simple procedures. This allows production of a propane feed
having low amounts of contaminants and thus being spe-
cifically suited for being upgraded to higher-value products.
Further, when employing a bio-renewable raw material/
feedstock which is already pre-treated (specifically a bio-
renewable raw material/feedstock having the above-men-
tioned total contents of nitrogen, sulphur and/or
phosphorus), the pretreatment step may be omitted.

14. The method according to any one of the preceding

items, comprising a step of removing contaminants
containing O, S, N and/or P from the propane feed.
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15. The method according to item 14, wherein the step of
removing contaminants from the propane feed is one or
more selected from amine wash, distillation, fraction-
ation, polishing, steam distillation, membrane separa-
tion.

Although the pre-treatment is suited to remove most of
the contaminants, it may be desirable to further remove such
contaminants from the propane feed in order to achieve even
higher purity. On the other hand, in view of cost efficiency
and in view of the already high purity which can be achieved
in the pretreatment step alone, it is preferred that no puri-
fication of propane is carried out before dehydrogenation.
Specifically, it is preferred that no molecular sieves, no
adsorption/absorption purification and no guard bed(s) are
used in/before the dehydrogenation step.

16. The method according to any one of the preceding
items, wherein the propylene material has a propylene
content of at least 80 wt.-%, preferably at least 85
wt.-%, at least 87 wt.-%, at least 88 wt.-%, at least 89
wt.-%, at least 90 wt.-%, at least 91 wt.-%, at least 92
wt.-%, at least 93 wt.-%, at least 94 wt.-%, at least 95
wt.-%, at least 96 wt.-%, or least 97 wt.-%.

17. The method according to any one of the preceding
items, wherein the bio-renewable material in the
deoxygenation step is blended with a diluent.

As explained in detail below, a diluent is particularly
suited for temperature control during deoxygenation, spe-
cifically during hydrodeoxygenation.

18. The method according to item 17, wherein the diluent
comprises at least one of recycled product from the
deoxygenation step and a fossil-based material, pref-
erably a hydrocarbon material.

19. The method according to item 17 or 18, wherein the
blend subjected to deoxygenation contains at least 2
wt.-% of the bio-renewable raw material, preferably at
least 5 wt.-%, at least 10 wt.-%, at least 20 wt.-%, at
least 25 wt.-%, at least 50 wt.-%, at least 75 wt.-%, at
least 85 wt.-%, at least 90 wt.-%, at least 95 wt.-%, or
at least 99 wt.-%.

20. The method according to any one of items 17 to 19,
wherein the blend subjected to deoxygenation contains
90 wt.-% or less, 75 wt.-% or less, or 50 wt.-% or less
of the bio-renewable raw material.

21. The method according to any one of items 17 to 20,
wherein the diluent comprises recycled product from
the deoxygenation step and the blend subjected to
deoxygenation contains at least 10 wt.-% of the
recycled product from the deoxygenation step, prefer-
ably at least 25 wt.-%, at least 40 wt.-%, at least 60
wt.-%, at least 70 wt.-%, at least 80 wt.-%, or at least
85 wt.-%.

The recycled product from the deoxygenation step is
preferably a hydrocarbon, but may similarly be a material
which is only partially deoxygenated.

22. The method according to any one of items 17 to 20,
wherein the diluent comprises recycled product from
the deoxygenation step and the blend subjected to
deoxygenation contains 60 wt.-% or less, 40 wt.-% or
less or 25 wt.-% or less of the recycled product from the
deoxygenation step.

23. The method according to any one of the preceding
items, wherein the separation after the deoxygenation
step to provide a propane feed comprises a step of
pretreating the product from deoxygenation and then
recovering the propane from the pretreated product,
said pretreating step comprising removal of sour com-
ponents (sweetening) from the gas stream.
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24. The method according to any one of the preceding
items, wherein the separation after the deoxygenation
step to provide a propane feed comprises a step of
separating at least propane from heavier hydrocarbon
products, preferably using a distillation or evaporation
technique.

25. The method according to any one of the preceding
items, wherein the separation after the deoxygenation
step to provide a propane feed comprises a step of
separating at least propane from hydrogen, preferably
using a membrane separation technique.

A specifically favorable process comprises pretreatment
of the crude material coming from the deoxygenation pro-
cess, separation of high-boiling components (e.g. having a
higher boiling point than propane) by a distillation or
evaporation technique, preferably cryogenic distillation or
fractionation, and then separating the propane from hydro-
gen. The separation of propane from hydrogen is most
preferably effected using a membrane separation technique
(i.e. by use of a selective membrane) but it may also be
effected by a distillation or evaporation technique, prefer-
ably cryogenic distillation or fractionation. In this case, the
separation of hydrogen from propane may be carried out
simultaneously (within the same process) as the separation
of propane from the higher-boiling components.

A specifically preferable overall process is outlined in
item 26 below:

26. The method according to any one of the preceding

items, comprising the following steps:

a) providing bio-renewable 0il(s) and/or fat(s) compris-
ing a least one of glycerol, monoglycerides, diglyc-
erides and triglycerides, preferably at least triglyc-
erides;

b) pretreating the bio-renewable oil(s) and/or fat(s) to
remove contaminant(s) and to provide a bio-renew-
able raw material, wherein the pretreatment option-
ally includes hydrolyzing and/or transesterifying the
bio-renewable raw material, followed by separation
to produce a C3 feed, preferably a glycerol feed, as
the bio-renewable raw material;

c) deoxygenating, preferably hydrotreating the bio-
renewable raw material to produce a bio-hydrocar-
bon feed, followed by separating the propane feed
from the bio-hydrocarbon feed;

d) optionally cracking the deoxygenated C3+ stream
separated from the bio-hydrocarbon feed, followed
by separation of gases and combining at least pro-
pane in said gases with the propane feed;

e) subjecting the propane feed to dehydrogenation and
to separation to provide a propylene material;

f) optionally polymerizing the propylene material or a
derivative thereof to produce a polymer.

Specifically, it is preferable that the propylene or a deriva-
tive thereof is subjected to polymerization, optionally in the
presence of other monomers (including macromonomers) to
provide a polymer. The derivative of propylene may be any
derivative commonly produced from propylene in order to
provide a monomer (and/or macromonomer), such as acrylic
acid, and acrylic acid ester or salt, or an alkyl (e.g. meth)
acrylic acid ester/salt, butadiene or propylene oxide.

27. The method according to any one of the preceding
items, comprising a step of polymerizing the propylene
material or a derivative thereof, optionally in the pres-
ence of co-polymerizable monomer(s) and/or
additive(s), to produce a polymer.

28. The method according to item 27, wherein the poly-
mer is further processed to produce a sanitary article.
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29. The method according to item 27, wherein the poly-
mer is further processed to produce a construction
material.

30. The method according to item 27, wherein the poly-
mer is further processed to produce a packaging mate-
rial.

31. The method according to item 27, wherein the poly-
mer is further processed to produce a coating compo-
sition.

32. The method according to item 27, wherein the poly-
mer is further processed to produce a paint.

33. The method according to item 27, wherein the poly-
mer is further processed to produce a decorative mate-
rial, such as a panel.

34. The method according to item 27, wherein the poly-
mer is further processed to produce an interior part of
a vehicle, such as an interior part of a car.

35. The method according to item 27, wherein the poly-
mer is further processed to produce a rubber composi-
tion.

36. The method according to item 27, wherein the poly-
mer is further processed to produce a tire.

37. The method according to item 27, wherein the poly-
mer is further processed to produce a toner.

38. The method according to item 27, wherein the poly-
mer is further processed to produce a personal health
care article.

39. The method according to item 27, wherein the poly-
mer is further processed to produce a part of a con-
sumer good.

40. The method according to item 27, wherein the poly-
mer is further processed to produce a part or a housing
of an electronic device.

41. The method according to any one of the preceding
items, comprising a step of polymerizing the propylene
material, optionally in the presence of co-polymeriz-
able monomer(s) and/or additive(s), to produce a poly-
mer, such as polypropylene (PP), ethylene-propylene-
copolymer (EPM), or -ethylene-propylene-diene-
copolymer (EPDM).

42. The method according to item 41, further comprising
a step forming a polymer product, such as a film, a
molded product, a coating composition, a coating, a
packaging, a construction material, a rubber composi-
tion, a tire, a part of a tire, or a gasket, from the polymer
optionally together with other components.

43. The method according to any one of items 1 to 39,
comprising a step of oxidizing the propylene material
to produce acrylic acid, an ester or a salt thereof,
optionally further comprising a step of purifying the
acrylic acid, the ester or salt thereof.

44. The method according to item 43, wherein the oxi-
dation is carried out by gas phase oxidation.

45. The method according to item 43 or 44, comprising a
step of polymerizing the acrylic acid, an ester or a salt
thereof, optionally in the presence of co-polymerizable
monomer(s) and/or additive(s), to produce an acrylic
polymer.

In this context, acrylic acid (and acrylic polymers) are
meant to include any type of acrylic-based monomers and
polymers, e.g. those based on (meth)acrylic acid, (meth)
acrylic acid esters, (meth)acrylic acid salts, and (meth)
acrylonitriles.
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46. The method according to item 45, wherein the acrylic
polymer is a water-absorbing polymer.

47. The method according to item 45 or 46, wherein the
polymer is further processed to produce a sanitary
article.

48. The method according to item 47, wherein the sanitary
article is a diaper.

49. The method according to item 47, wherein sanitary
article is a sanitary napkin.

50. The method according to item 47, wherein sanitary
article is an incontinence draw sheet.

51. The method according to item 45, further comprising
a step of mixing the acrylic polymer with further
components to produce a coating or a paint.

52. The method according to any one of items 1 to 39,
comprising a step of oxidizing the propylene material
to produce propylene oxide, optionally further com-
prising a step of purifying the propylene oxide.

53. The method according to item 52, comprising a step
of polymerizing the propylene oxide, optionally in the
presence of co-polymerizable monomer(s) and/or addi-
tive(s), to produce a polymer, such as a polyether, a
polyether polyol, a polyester, a polyurethane, or a
polymer or oligomer surfactant.

54. The method according to any one of items 1 to 39,
comprising a step of converting the propylene material
to produce butadiene, optionally further comprising a
step of purifying the butadiene.

55. The method according to item 54, wherein the con-
version step is a hydroreforming step.

56. The method according to item 54 or 55, comprising a
step of polymerizing the butadiene, optionally in the
presence of co-polymerizable monomer(s) and/or addi-
tive(s), to produce a polymer, such as a polybutadiene
rubber (BR), an acrylonitrile-butadiene rubber (NBR,
HNBR), acrylonitrile-butadiene-styrene rubber (ABS),
or styrene-butadiene rubber (SBR).

57. The method according to any one of items 1 to 39,
comprising a step of converting the propylene material
to produce one or more selected from the group con-
sisting of acetone, phenol, acrolein, acrylonitrile,
epichlorohydrin, butanal, 1-butanol, 1,2-propandiol,
1,3-propandiol, 2-propanol, thymol.

58. A product produced by the method according to any
one of items 1 to 57.

BRIEF DESCRIPTION OF THE DRAWING

Other features and advantages of the present disclosure
will become more apparent upon reading the following
detailed description in conjunction with the accompanying
drawing, wherein:

FIG. 1 shows an exemplary embodiment wherein sepa-
ration of propane from hydrogen is accomplished using a
selective membrane (membrane separation) as further
described in detail below.

DETAILED DESCRIPTION OF THE
INVENTION

In the following, the present invention is described in
detail with reference to embodiments. The invention is not
necessarily limited to the embodiments. Rather, the embodi-
ments show preferable ways how the invention can be put
into practice.

Terms and expressions used in the present invention are
described below.
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By the term “impurities” is meant those impurities harm-
ful or undesired in the final propylene product and/or
harmful during processing thereof. These impurities usually
comprise phosphorus, phosphorus compounds, nitrogen,
nitrogen compounds, sulphur and compounds containing
sulphur and oxygen containing compounds which are dis-
solved and/or miscible or chemically bound in the feed oil
or fat.

By the term “pretreating the bio-renewable oil(s) and/or
fat(s)” is meant a conventional process or combinations of
conventional processes aiming at purification of impure
oil/fat feed, i.e. removal of impurities. Preferable pretreat-
ment comprises degumming, bleaching, heat treatment, cen-
trifugation, filtering or any combination thereof which
results in a decreased content of the impurities.

By the term “degumming” is meant a purification process
wherein impure oil/fat is treated with acid, water and caustic
at elevated temperature with high shear mixing. The formed
gums may subsequently be separated from the oily material
preferably by centrifugation and the material may be dried.

By the term “bleaching” is meant a purification process
wherein acid and water is added to the impure oil/fat, and the
resulting composition is mixed with an adsorbent material
(such as bleaching earth) at elevated temperature and
reduced pressure (such as vacuum). Thereafter the oil/fat is
dried and separated from said adsorbent typically by filtra-
tion.

By the term “deodorization” is meant a purification pro-
cess wherein oil is treated at an elevated temperature in
reduced pressure and using steam stripping to remove impu-
rities and/or free fatty acids.

By the term “hydrolysis of fat(s) and (0il(s)” is meant a
process where an oil(s) and/or fat(s) stream predominantly
containing mono-, di- and triglycerides is hydrolyzed to free
up the fatty acids and glycerol by using elevated temperature
and water.

By the term “heat treatment” in the context of pretreat-
ment is meant a purification process wherein impure oil/fat
is heated at elevated temperature to convert all or part of the
soluble impurities into insoluble material that is subse-
quently removed for example by filtration or any other
method.

By the term “hydrotreatment” is meant a catalytic process
of organic material by all means of molecular hydrogen.
Preferably, hydrotreatment removes oxygen from organic
oxygen compounds as water i.e. hydrodeoxygenation
(HDO), removes sulphur from organic sulphur compounds
as dihydrogen sulphide (H2S), i.e. hydrodesulphurisation,
(HDS), removes nitrogen from organic nitrogen compounds
as ammonia (NH3), i.e. hydrodenitrofication (HDN), and
removes halogens, for example chlorine from organic chlo-
ride compounds as hydrochloric acid (HCl), i.e. hydro-
dechlorination (HDCI).

By the term “hydrodeoxygenation” (HDO) of triglycer-
ides or other fatty acid derivatives or fatty acids is meant the
removal of carboxyl oxygen as water by the means of
molecular hydrogen under the influence of catalyst.

By the term “deoxygenation” is meant removal of oxygen
from organic molecules, such as fatty acid derivatives,
alcohols, ketones, aldehydes or ethers by any means previ-
ously described or decarboxylation or decarbonylation.

In the following, the method of the present invention will
be described in greater detail with reference to preferred
embodiments for the individual process steps and raw mate-
rials, intermediate products and end products. While the
invention is not limited to the preferred embodiments, it is
noted that any value or condition recited in the embodiments
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may be combined with the general process of the present
invention either individually or in combination with other
preferred embodiments.

Bio-Renewable Oil(s) and/or Fat(s)

Bio-renewable oil(s) and/or fat(s) (also referred to as
bio-renewable feedstock or, if pre-treated, as bio-renewable
raw material) refer to a feedstock derived from a biological
raw material component containing oils and/or fats, usually
containing fatty acids or glycerides, such as plant oil/fats,
vegetable oil/fats, animal oil/fats, fish oil/fats and algae
oil/fats, or oil/fats from other microbial processes, for
example genetically manipulated algae oil/fats, genetically
manipulated oil/fats from other microbial processes and also
genetically manipulated vegetable oil/fats. Components of
such materials could also be used, such as for example alkyl
esters (typically C1 CS5-alkyl esters, such as methyl, ethyl,
propyl, iso-propyl, butyl, sec-butyl esters). Bio-renewable
specifically excludes fossil sources.

In the present invention, it is possible to employ a
bio-renewable feedstock which is converted into a bio-
renewable raw material by the pretreatment step. Alterna-
tively, it is possible to employ an already pretreated bio-
renewable raw material and thus the pretreatment step can
be omitted. In the following, reference is made to a bio-
renewable raw material (i.e. an already pretreated material),
but the same applies to a (non-pretreated) bio-renewable
feedstock.

The bio-renewable oils and/or fats further include a single
kind of oil, a single kind of fat, mixtures of different oils,
mixtures of different fats, mixtures of 0il(s) and fat(s), fatty
acids, glycerol and mixtures of the afore-mentioned.

These oils and/or fats typically comprise C10-C24 fatty
acids and derivatives thereof, including esters of fatty acids,
glycerides, i.e. glycerol esters of fatty acids. The glycerides
may specifically include monoglycerides, diglycerides and
triglycerides.

A typical bio-renewable raw material (or feedstock) is a
glyceridic raw material (or feedstock), which is a raw
material (or feedstock) that contains glycerides, i.e. one, two
or three fatty acids bound to glycerol through ester linkage.
The bio-renewable raw material (or feedstock) may also
include glycerol. The production of propane from bio-
renewable raw materials (or feedstocks) is usually based on
the processing of glycerides (i.e. mono-, di-, and tri-glycer-
ides as well as mixtures thereof). Thus, the presence of at
least some glycerides within the bio-renewable raw material
(or feedstock) is desirable. Raw material (or feedstock) not
comprising glycerol or glycerides may also be used, such as
fatty acids—here the propane is usually derived from a
(hydro)cracking step. In this case, after hydrodeoxygenation
the feedstock can be subjected to (hydro)cracking and/or
(hydro)isomerisation such that more cracking/isomerisation
reactions occur and such that these reactions results to at
least some C3 material, preferably propane.

The bio-renewable raw material (or feedstock) can
include at least 2 wt % of the raw material being a bio-
renewable raw material (or feedstock), for example at least
5 wt %, at least 25 wt %, at least 50 wt %, at least 75 wt %,
at least 90 wt % or at least 95 wt %. The raw material (or
feedstock) can also be entirely a feed from a bio-renewable
raw material (or feedstock) or it can include 99 wt % or less
of the feed being a bio-renewable raw material (or feed-
stock), for example 90 wt % or less, 75 wt % or less or 50
wt % or less. With regard to the content of glycerides or
glycerol, it is advantageous to have a high amount of
bio-renewable raw material (or feedstock) because it usually
includes a greater amount of glycerides or glycerol. Raw
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materials (or feedstocks) having lower amounts of bio-
renewable raw material/feedstock (oils and/or fats) may
have other advantages. For example, the catalytic deoxy-
genation of bio-renewable raw material is exothermic,
which means that blending the bio-renewable raw material
(or feedstock) with a portion that does not contain oxygen or
a portion that is not as prone to exothermic reactions during
catalytic deoxygenation conditions may be beneficial.
Blending may be done for example with feedstock of
mineral origin (fossil feedstock), or may be blended with a
recycled product from e.g. catalytic deoxygenation of the
present process having reduced oxygen content. Further,
blending may be done before pretreatment, after pretreat-
ment or both before and after pretreatement. Blending at
least (preferably only) after pretreatment is favourable in
view of process efficiency. If a recycled product from the
catalytic deoxygenation is used for blending, it can corre-
spond to at least 10 wt % of the feedstock being a recycled
product, or it can correspond to at least 25 wt %, at least 40
wt %, at least 60 wt %, at least 70 wt %, at least 80 wt %
or at least 85 wt %. The recycled product can also corre-
spond to 60 wt % or less, such as 40 wt % or less, or 25 wt
% or less.

With regards to a glyceridic or glycerol raw material (or
feedstock), the raw material (or feedstock) can include at
least 1 wt % glycerides or glycerol, such as at least 10 wt %,
at least 20 wt %, at least 35 wt %, at least 50 wt %, at least
75 wt %, at least 90 wt %. The raw material (or feedstock)
can also be composed entirely of glycerides or glycerol or
the glyceride/glycerol content can be 95 wt % or less, such
as 90 wt % or less, 75 wt % or less, 50 wt % or less, 40 wt
% or less, 25 wt % or less. With regards to production of
propane or other three carbon molecular species, a raw
material (or feedstock) having higher glyceride or glycerol
contents are preferred. Glyceridic raw materials (or feed-
stocks) preferably include triglycerides of C10-C28 fatty
acids, as well as mono- and di-glyceride variants thereof.

Examples of vegetable oils usable as a bio-renewable raw
material (or feedstock) or as a component thereof include,
but are not limited to rapeseed oil, canola oil, soybean oil,
coconut oil, sunflower oil, palm oil, palm kernel oil, peanut
oil, linseed oil, sesame oil, maize oil, poppy seed oil,
cottonseed oil, soy oil, tall oil, corn oil, castor oil, jatropha
oil, jojoba oil, olive oil, flaxseed oil, camelina oil, safflower
oil, babassu oil, tallow oil, and rice bran oil, or fractions of
above mentioned oils such as palm olein, palm stearin,
purified tall oil, and tall oil fatty acids.

Examples of animal fats usable as a bio-renewable raw
material (or feedstock) or as a component thereof include,
but are not limited to tallow, lard, yellow grease, brown
grease, fish fat, poultry fat.

Pretreatment

A typical problem with the use of bio-renewable oil(s)
and/or fat(s), such as animal based fats or vegetable oils, in
particular microbial oils, for biopropylene production is that
they tend to contain significant amounts of heteroatom
impurities such as metals, phosphorus, sulphur, nitrogen and
oxygen. The impurities cause problems, for example, in the
propylene production in form of catalyst poisons. Deposits
of metals, phosphorus, sulphur, nitrogen and oxygen com-
pounds are likely to result in catalyst deactivation and
plugging of the reactor catalyst bed in refining processes.

Therefore, it is required to use pretreatment steps or
precleaning for removal of these undesired components
from the oil product. Common treatment methods such as
water degumming, soft degumming, acid degumming, wet
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bleaching and dry bleaching, for example, are able to
remove most of the impurities (contaminants) from the feed
stream.

The pretreatment step may also comprise a hydrolysis/
transesterification step of glycerides and production of glyc-
erols and fatty acids.

Deoxygenation

The gas stream may be derived from deoxygenation of a
raw material containing some amount of a bio-renewable
raw material as described above, such as for example a
glyceridic raw material. The raw material may alternatively
or additionally contain glycerol, preferably bio-renewable
glycerol, which is glycerol obtained from a bio-renewable
source. Bio-renewable glycerol is a by-product of the pro-
duction of fatty acid esters such as for example fatty acid
methyl esters (FAME), fatty acid ethyl esters (FAEE) or as
a product of fat splitting. Deoxygenation preferably includes
hydrodeoxygenation, which is described below under the
heading Removal of oxygen from a bio-renewable raw
material.

Deoxygenation, e.g. by hydrotreatment of glyceride raw
material to a bio-renewable product, involves various reac-
tions where molecular hydrogen reacts with other compo-
nents, or components undergo molecular conversions in
presence of molecular hydrogen and solid catalyst. The
reactions include but are not limited to hydrogenation,
hydrodeoxygenation, hydrodesulfurization, hydrodenitrifi-
cation, hydrodemetallization, hydrocracking and isomeriza-
tion.

It is preferred that the deoxygenation conditions are
selected such that it provides saturated hydrocarbons.

The preparation of bio-renewable products often involves
reactions removing oxygen from the bio-renewable raw
material, and there are a number of strategies for doing this.
The deoxygenation may comprise one or more of following
reactions:

1) hydrodeoxygenation (HDO), hydrogenation of oxygen

bonds—removing oxygen as H20,

2) decarboxylation where oxygen is removed in the form

of CO2, and

3) decarbonylation where oxygen is removed in the form

of CO.

Preferably the deoxygenation comprises HDO. Many
conditions for hydrodeoxygenation are known to the skilled
person. For example the hydrodeoxygenation of a bio-
renewable raw material component can be done on a metal
sulphide catalyst. The metal can be one or more Group VI
metals, such as Mo or W, or one or more Group VIII
non-noble metals such as Co or Ni. The catalyst may be
supported on any convenient support, such as alumina,
silica, zirconia, titania, amorphous carbon, molecular sieves
or combinations thereof. Usually the metal will be impreg-
nated or deposited on the support as metal oxides. They will
then typically be converted into their sulphides. Examples of
typical catalysts for hydrodeoxygenation are molybdenum
containing catalysts, NiMo, CoMo, or NiW catalysts; sup-
ported on alumina or silica, but many other hydrodeoxy-
genation catalysts are known in the art and have been
described together with or compared to NiMo and/or CoMo
catalysts. The hydrodeoxygenation is preferably carried out
under the influence of sulphided NiMo or sulphided CoMo
catalysts in the presence of hydrogen gas.

The hydrodeoxygenation is preferably performed under a
hydrogen pressure from 10 to 200 barg (bar gauge), at
temperatures from 200 to 400° C., and liquid hourly space
velocities of 0.2 h™* to 10 h™'. During the hydrodeoxygen-
ation step using a sulfided catalyst, the sulfided state of the
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catalyst is preferably maintained by addition of sulphur (or
a sulphur compound) in the gas phase or by using a material
having a sulphur containing mineral oil blended with the
bio-renewable raw material. The sulphur content of the total
feed being subjected to hydrodeoxygenation is preferably 50
wppm (ppm by weight) to 20000 wppm, more preferably in
the range of 100 wppm to 1000 wppm.

Effective conditions for hydrodeoxygenation preferably
reduce the oxygen content of the raw material to less than 1
wt %, such as less than 0.5 wt % or less than 0.2 wt %. In
some cases, the conditions may be selected to yield partial
hydrodeoxygenation corresponding to a deoxygenation of at
least 40 wt %, at least 50 wt % or at least 75 wt %.

The hydrodeoxygenated product (crude material) may be
separated into a gas stream and a liquid stream. The gas
stream comprises hydrogen that has not been used as well as
propane. When the bio-renewable raw material contains
triglycerides, propane is obtained mainly from hydrogena-
tion of the glycerol moiety, and to a lesser extent from
cracking of the fatty acids.

In various embodiments the gas stream may further
comprise at least one further gas chosen from the group
consisting of: H,0, CO,, CO, H,S, NH;, PH; and light
hydrocarbons. Carbon oxides (CO and CO,) are often pres-
ent in gas streams from processing of bio-renewable raw
material.

Separation of Propane Feed

After performing hydrodeoxygenation under effective
conditions, as described above, propane will be present as
one of a variety of gas phase components. The deoxygen-
ation product is preferably separated into a gas stream and
a liquid stream as a first separation step. Besides the hydro-
gen that has not been used as well as the generated propane,
the gas stream may also include, but is not limited to, other
hydrodeoxygenation reaction products, such as H,S, as well
as H,0, CO, and CO from the hydrogenation, decarboxy-
lation and decarbonylation reactions, although the amounts
will not necessarily represent the extent of these reaction
types because of the water-gas shift reaction where CO and
H,O are in equilibrium with CO, and H,. Additionally there
may be light hydrocarbons, for example as a result of
cracking, in addition to propane.

The light hydrocarbons include the gaseous light hydro-
carbons, i.e. hydrocarbons that are in the gas phase at the
pressure and temperature of the gas stream that is to be
treated according to the present invention. The light hydro-
carbons may for example be hydrocarbons having fewer
than seven carbon atoms, i.e. C1-C6 hydrocarbons, which
include, but is not limited to: methane, ethane, propane,
butane, 2-methylpropane, pentane, isopentane, neopentane,
hexane, 2-methylpentane, 3-methylpentane, 2,3-dimeth-
ylbutane, 2,2-dimethylbutane. The light hydrocarbons may
further be distinguished into light hydrocarbons having a
carbon number of 4 or less and light hydrocarbons having a
carbon number of 5 or more, e.g. light hydrocarbons having
a carbon number of 5-10 or 5-8. In addition to light
hydrocarbons, there could also be hydrocarbons having
seven or more carbon atoms, for example C7-C10 hydro-
carbons, but they would normally only be present in a few
tens of ppm.

Hydrogen is usually present in the gas stream as a major
component. The gas stream may contain at least 70 mol-%
hydrogen, such as at least 75 mol % hydrogen, at least 80
mol-% hydrogen. The hydrogen content may be less than 95
mol-%, such as less than 90 mol-%.

Propane is also present in the gas stream and the amount
depends mainly on the content of triglycerides in the raw



US 11,981,633 B2

13

material and to a lesser extent on cracking. The gas stream
may contain at least 1 mol-% propane, such as at least 3 mol
% propane. The gas stream may also contain 25 mol-% or
less propane, such as 20 mol-% or less, or 15 mol-% or less.
When the gas stream is derived from a bio-renewable raw
material the content of the gas stream is often 25 mol-% or
less.

In various embodiments the temperature of the gas stream
is between 5° C. and 95° C., and the pressure is between 20
barg and 60 barg.

Pretreatment of the Gas Stream Obtained after Deoxygen-
ation

Depending on the composition of the gas stream, it may
undergo one or more pretreatment steps before it is separated
from hydrogen, e.g. by being passed across the feed side of
the membrane.

In particular if the gas stream is sour, meaning that it
contains H,S, CO, or both H,S and CO,, it can undergo
sweetening to remove excess H,S and CO,. The sour gas
may be harmful to the membrane material, in particular the
presence of H,S. The gas stream is considered to be sour, if
it contains 5 wppm or more H,S, such as 25 wppm or more,
50 wppm or more, 75 wppm or more, 100 wppm or more,
150 wppm or more, or 200 wppm or more. Sweetening of
the gas should preferably reduce the H,S content to 1 wppm
or lower, such as 0.5 wppm or lower, or 0.1 wppm or lower.

The gas stream is considered to be sour, if it contains 3000
wppm or more CO,, such as 4000 wppm or more, 5000
wppm or more, 7500 wppm or more, 10000 wppm or more,
20000 wppm or more or S0000 wppm or more. Sweetening
of the gas should preferably reduce the CO, content to 3000
wppm or lower, such as 2000 wppm or lower, or 1000 wppm
or lower, or 500 wppm or lower, or 100 wppm or lower, or
10 wppm or lower, such as 1 wppm or lower, and H,S
content to 50 wppm or lower, 10 wppm or lower, 5 wppm
or lower, or such as 1 wppm or lower.

The gas may be sweetened using an amine scrubber, or
other unit processes used in e.g. refineries, at conditions that
reduce or remove both the H,S and the CO,.

Accordingly, when the gas stream is sour and at least
further comprises CO, and/or H,S, the gas stream may be
subjected to a sweetening step, such as an amine scrubbing
step, to remove at least a portion of the CO, and/or H,S gas
components before being provided to the membrane. The
amine scrubbing step sweetens the sour gas stream.
Separation of Propane and Hydrogen from the Gas Stream

In order to recover propane from the gas stream, the
deoxygenated product is preferably first separated into the
gas stream and a liquid stream, as explained above. The
liquid stream will typically contain hydrocarbons in the
diesel boiling range, and is thus suitable for the production
of renewable diesel. The propane and hydrogen from the gas
stream comprising hydrogen and propane can then be sepa-
rated from the remaining gas stream.

In the method for treating the gas stream, treating the gas
stream may be separating both propane and hydrogen from
the remaining gas stream and then separating propane from
hydrogen.

An exemplary embodiment of the present invention is
shown in FIG. 1, wherein separation of propane from
hydrogen is preferably accomplished using a selective mem-
brane (membrane separation) and this embodiment is
described in detail below. However, the invention is not
limited to this embodiment and other methods for separating
propane from hydrogen (and optional at the same time from
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other gaseous components) may be accomplished using any
other suitable method, such as cryogenic distillation or
swing adsorption.

Step a)

The method of separating propane from hydrogen accord-
ing to an embodiment of the invention involves a step of
providing a membrane. The membrane has a feed side and
a permeate side. The membrane works by being selective for
hydrogen over propane, in that it preferentially permeates
most of hydrogen and rejects most of propane. If present, the
one or more of the further gasses chosen from the group
consisting of: CO and light hydrocarbons are also rejected
together with propane, while H,O, CO,, H,S and NH,
would be rejected or only partially rejected depending on the
membrane type and conditions, e.g. temperature and pres-
sure.

Step b)

In its most basic aspect, the membrane separation
involves passing the gas stream containing these compo-
nents across the feed side of the membrane that is hydrogen
selective. A driving force for transmembrane permeation is
provided by a higher pressure on the feed side than on the
permeate side. For example the pressure on the feed side can
include a pressure of 10 barg or higher, such as 20 barg or
higher, or 30 barg or higher, or 40 barg or higher, or 50 barg
or higher and the pressure on the permeate side can include
a pressure that is at least 1 bar lower than the feed side, such
as 5 bar or lower, or 10 bar or lower, or 20 bar or lower, or
30 bar or lower. The membrane can be made from poly-
meric, ceramic or metal materials well known in the art of
membrane science, such as cellulose acetate, polysulfone,
polyimide, polyamide, zeolite, or palladium, and can be in
form of spiral wound membrane, hollow fiber membrane,
tube or plate.

Step ¢)

After membrane separation stage, a retentate stream
depleted in hydrogen and enriched in propane compared to
the crude gas stream can be withdrawn from the feed side.

The retentate stream may contain less than 65 mol-%
hydrogen, such as less than 55 mol %, less than 40 mol-%,
less than 25 mol-%. The retentate stream may also contain
more than 5 mol-% hydrogen, such as more than 10 mol-%
hydrogen. The membrane is usually operated such that there
will remain some hydrogen in the retentate stream because
it will result in a higher purity of hydrogen in the permeate
stream.

The retentate stream may also contain more than 15
mol-% propane, for example more than 25 mol-% propane,
more than 30 mol-% propane. The retentate stream may also
contain less than 75 mol-% propane, such as less than 65
mol-% propane, or less than 55 mol-% propane.

Step d)

After membrane separation stage, a permeate stream
enriched in hydrogen and depleted in propane compared to
the crude gas stream can be withdrawn from the permeate
side.

In various embodiments, the membrane stage cut, defined
as the fraction of the gas stream that permeates the mem-
brane, may correspond to at least 10%, such as at least 15%,
or at least 20%, at least 25%, at least 30%, at least 40%, at
least 50%, or at least 75%. The stage cut can also correspond
to 95% or less, such as 80% or less, 70% or less, 50% or less.
The higher the stage cut, the less pure the hydrogen in the
permeate will be. The permeate stream may be used as a
recycle hydrogen gas.
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Pre-Treatment of the Retentate Stream

The retentate stream may still comprise further gas spe-
cies in addition to propane and hydrogen, which include, but
is not limited to H,O, CO,, H,S, CO and other gaseous light
hydrocarbons in addition to propane. If the gas is sweet, the
further gas species will include, but is not limited to H,O,
CO and other gaseous light hydrocarbons in addition to
propane.

The retentate stream may be subjected to one or more
supplementary treatment steps to remove at least a portion of
the further gas species described above before being sub-
jected to further separation e.g. using elevated pressure
distillation.

The one or more supplementary treatment steps include,
but are not limited to: removal of water through e.g. gas
drying by adsorption water vapour on a surface, or by
absorption on e.g. a dehydrating agent such as glycol or a
solid desiccant. Low temperature separation may also be
employed to remove water or part of it, as well as some light
hydrocarbons, at temperatures below 60° C., such as 50° C.
or lower, 40° C. or lower, 30° C. or lower but preferably at
temperatures above 5° C.

Step e)

The retentate stream being depleted in hydrogen and
enriched in propane compared to the crude gas stream may
be subjected to fractionation by distillation, such as cryo-
genic separation and/or elevated pressure distillation in
order to separate hydrogen from propane. The retentate
stream being subjected to the fractionation is preferably
depleted in hydrogen and enriched in propane compared to
the gas stream coming from the membrane separation stage,
and further preferably depleted or being essentially free of
NH;, H,0, CO,, PH; and H,S and light hydrocarbons.
Additionally, the retentate stream being depleted in hydro-
gen and enriched in propane compared to the gas stream
coming from the membrane separation stage may also
comprise further gas species, which includes, but is not
limited to CO and CO, and other gaseous light hydrocarbons
in addition to propane.

An elevated pressure distillation may be conducted in a
pressurised distillation column, where there is a vertical
temperature gradient. In various embodiments the elevated
pressure distillation could be considered cryogenic separa-
tion, in that the elevated pressure distillation may be con-
ducted at temperatures above —100° C., such as above —-85°
C., above -70° C., such as above 0° C. The temperature
range for the distillation column is preferably from -70° C.
to 130° C. The bottom of the pressurised distillation column
(measured at the valve from which of the column’s bottom
product is withdrawn) may have a temperature of 80° C. to
130° C.

The elevated pressure distillation is preferably conducted
s0 as to ensure sufficient theoretical plates so that hydrogen
and other light hydrocarbons such as C1 and C2 as well as
CO, CO, can be separated from propane. In the lower
section of the column, the propane is separated from the C4
and C5. These may be purged with a small portion of the
propane, back to the diesel stabilisation section of the
renewable diesel plant. If further gas species are present,
which include, but are not limited to CO and CO, and other
gaseous light hydrocarbons in addition to propane, it is
advantageous that conditions are provided to ensure suffi-
cient theoretical plates to separate propane from the further
gas species.

The elevated pressure distillation may be conducted at
pressures above 20 barg, such as between 25 and 40 barg.
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The elevated pressure distillation may be performed
between —70° C. and 130° C. at such pressures. For example
between 0° C. and 130° C.

Apart from being dehydrogenated in the process of the
present invention, the propane obtained from the elevated
pressure distillation may be formulated into a propane-
containing product. The propane-containing product may
comprise the addition of an odorizing agent, such as for
example comprising an odorizing agent selected from one or
more of: tert-butylthiol, tetrahydrothiophene and eth-
anethiol. This product may further be transported to a
consumer that could consume the product for example for
heating, a fuel for a vehicle, or cooking.

In the present invention, the propane obtained from the
elevated pressure distillation will with or without further
formulation preferably have a minimum content of 95%
(wt/w) propane and/or have a maximum of 5% propylene,
the remainder being and light hydrocarbons, such as iso-
butane, butane, ethane, methane, constituting the remainder.
For example the propane obtained may with or without
further formulation fulfil one or more of EN 589, DIN
51622, BS 4250 or HD 5 propane specifications. In some
embodiments, the propane obtained from the elevated pres-
sure distillation does not contain propylene because it is
derived from a source that does not contain propylene to
start out with, e.g. if conditions for deoxygenation has been
sufficiently severe to ensure that all existing olefins have
been hydrogenated and no olefins are formed.

According to the present invention, the propane product is
dehydrogenated to propylene.

The hydrogen obtained from the elevated pressure distil-
lation may be combined with the permeate stream and at
least partly recycled. Alternatively, part of the hydrogen
obtained from the elevated pressure distillation may be
combined with the permeate stream.

Membrane

The membrane employed in the preferred membrane
separation process is hydrogen selective, in that it selec-
tively permeates hydrogen. Various hydrogen permeable
membranes are known in the art, and some of the mem-
branes are based on polymeric, ceramic or metal materials
well known in the art of membrane science, such as poly-
sulfone, polyimide, polyamide, cellulose acetate, zeolite or
palladium. The membrane may have any suitable shapes and
sizes, such as for example it may be in the form of a spiral
wound membrane, hollow fibre membrane, tube membrane
or plate membrane. The actual selectivity for hydrogen over
propane depends on the material that the membrane is made
out of, as well as the process conditions, including the
temperature and the pressure on the feed side and the
permeate side, respectively.

The membrane material and conditions for membrane
separation is preferably chosen so that the membrane being
selective for hydrogen over propane exhibits a selectivity for
hydrogen over propane of at least 5, such as at least 10, at
least 20, at least 30, at least 50, or at least 60, measured as
pure component permeability ratio (vol/vol).

In some embodiments a membrane is provided having a
feed side and a permeate side, the membrane being selective
for hydrogen over propane. A crude gas stream comprising
between 75 and 90 mol % hydrogen and between 5 and 10
mol % propane is being passed across the feed side of the
membrane resulting in a retentate gas stream and a permeate
gas stream. The retentate gas stream being depleted in
hydrogen (between 40 and 60 mol %) and enriched in
propane (between 30 and 50 mol %). The permeate gas
stream being hydrogen enriched (more than 96 mol %) and
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depleted in propane (less than 0.5 mol %). Subjecting then
the retentate stream to elevated pressure distillation to
further separate hydrogen from pressure yields a combined
hydrogen recovery of more than 85 mol %.
Dehydrogenation of Propane

In the dehydrogenation process, propane gas is contacted
with a catalyst. The contacting maybe accomplished in a
fixed catalyst bed system, a moving catalyst bed system, a
fluidized bed system, or a in a batch-type operation. The
dehydrogenation reactor may comprise one or more separate
reactor zones with heating. The propane gas may be con-
tacted with the catalyst composite in either upward, down-
ward or radial flow fashion. The propane maybe be in the
liquid phase, a mixed vapor-liquid phase or the vapor phase
in contacts the catalyst. Preferably, the propane is in the
vapor phase.

Dehydrogenation conditions preferably include a tem-
perature of from 150° C. to 820° C., a pressure of from 0.1
to 2530 kPa (absolute) and a liquid hourly space velocity of
about 0.01 to about 50 hr".

The dehydrogenation is more preferably carried out at a
temperature of from 540° C. to 650° C., even more prefer-
ably from 560° C. to 630° C.

In addition, the dehydrogenation is more preferably car-
ried out at a pressure of from 0.4 to 500 kPa (absolute), even
more preferably from 0.5 to 400 kPa.

In addition, the dehydrogenation is more preferably car-
ried out at a liquid hourly space velocity of about 1 to about
30 hr?, even more preferably about 5 to about 25 hr".

Accordingly, the most preferred conditions are a tempera-
ture of from 560° C. to 630° C., a pressure of from 0.5 to 400
kPa and a liquid hourly space velocity of about 5 to about 25
hrt.

The dehydrogenation catalyst composite should exhibit
high activity, high selectivity and good stability. Preferred
catalytic composites comprises group VIII noble metals and
a solid inorganic carrier. Such catalytic composites are well
known to those skilled in the art. Particularly preferred
catalyst composites include the platinum on alumina cata-
lysts and chrome on alumina catalysts.

Dehydrogenation Products

The term “dehydrogenation products” may refer to prod-
ucts obtained directly after a dehydrogenation step, or to
derivatives thereof, i.e. “dehydrogenation products” as used
herein refers to propylene and its derivatives. “Obtained
directly after a catalytic dehydrogenation step” may be
interpreted as including optional separation and/or purifica-
tion steps. As used herein, the term “dehydrogenation prod-
uct” may also refer to the mixture of hydrocarbons obtained
directly after the dehydrogenation step as such.

The propylene obtained or obtainable with the method
according to the invention is particularly suitable as raw
materials for conventional petrochemistry, and polymer
industry. Thus, the propylene can be added to the known
value-added chain while no significant modifications of
production processes are required.

The propylene may be further modified to give derivatives
of propylene. Propylene derivatives, which may be produced
in accordance with the present invention, include, among
others, isopropanol, acrylonitrile, polypropylene, propylene
oxide, acrylic acid, allyl chloride, oxoalcohols, cumens,
acetone, acrolein, hydroquinone, isopropylphenols, 4-heth-
ylpentene-1, alkylates, butyraldehyde, ethylene-propylene
elastomers, and their derivatives. Propylene oxide deriva-
tives include, for example, propylene carbonates, allyl alco-
hols, isopropanolamines, propylene glycols, glycol ethers,
polyether polyols, polyoxypropyleneamines, 1,4-butanediol,
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and their derivatives. Allyl chloride derivatives include, for
example, epichlorohydrin and epoxy resins. Isopropanol
derivatives include, for example, acetone, isopropyl acetate,
isophorone, methyl methacrylate, polymethyl methacrylate,
and their derivatives. Butyraldehyde derivatives include, for
example, acrylic acid, acrylic acid esters, isobutanol,
isobutylacetate, n-butanol, n-butylacetate, ethylhexanol, and
their derivatives. Acrylic acid derivatives include, for
example, acrylate esters, polyacrylates and water absorbing
polymers, such as super absorbents, and their derivatives.

The propylene or the propylene derivative(s) may further
be subjected to additional processes, such as polymerization,
to provide subsequent products (propylene products), such
as polymers.

The propylene product of the current invention may be
used in a wide variety of applications. Such applications are,
for example, consumer electronics, composites, automotive,
packaging, medical equipment, agrochemicals, coolants,
footwear, paper, coatings, adhesives, inks, pharmaceuticals,
electric and electronic appliances, sport equipment, dispos-
ables, paints, textiles, super absorbents, building and con-
struction, fuels, detergents, furniture, sportswear, solvents,
plasticizers, high octane gasoline, synthetic rubber and per-
fumes.

EXAMPLES

Animal fat (AF) originating from food industry waste and
crude palm oil (CPO) were blended to give a mixture of 50
wt-% AF and 50 wt-% CPO. This bio-renewable oil/fat raw
material was first pre-treated to remove elemental impurities
by bleaching. After this the pre-treated raw material stream
was processed through hydrodeoxygenation (HDO) to pro-
duce a bio-hydrocarbon feed under the conditions specified
below. The bio-hydrocarbon stream was separated and puri-
fied to provide a propane feed. Table 1 shows the heteroatom
impurities in the bio-renewable oil/fat raw material prior the
pre-treatment.

Bleaching

The bio-renewable oil/fat raw material was bleached by
adding to the heated raw material 2000 ppm citric acid, 0.2
wt-% water and 1 wt % bleaching earth. These were mixed
for 20 min at 80° C. after which the material was dried using
reduced pressure and filtered.

Hydrodeoxygenation

The pretreated raw material was then hydrodeoxygenated
in the presence of hydrogen and catalyst. The reaction
temperature was 305° C., reactor pressure was 5 MPa and
space velocity was 0.5 g/g. The HDO treatment resulted in
a propane rich gas stream.

Separation and Purification of Propane Feed

The propane rich gas stream was first subjected to amine
wash; amine flow vs. gas flow, 5.8 t/hr amine solution per
ton sour gas, aqueous amine solution is 50 wt % methyl
diethyl amine (MDEA), containing 400 ppm piperazine to
enhance CO, absorption in an absorber at 4 MPa, (gas inlet
temperature: 40° C., amine inlet temperature: 55° C.). The
sweet gas was then passed across a hydrogen selective
membrane. The propane rich retentate was then dried to
remove water before the propane product was separated in
an elevated pressure distillator at 30 barg and 50° C. to
provide a propane feed. Heteroatom impurities N (ASTM
D4629), P (ASTM D5185), S (ASTMD6667M) and O
(ASTM D7423) were analyzed from the propane product
(Table 1). The amount of heteroatom impurities N, P, S and
O were below 10 ppm.
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TABLE 1

Propane and heteroatom content in the raw
material and the propane product

Crude fat and oil Propane
raw material feed
Propane wt- % n.a. 96.19
N mg/kg 139.6 <2
P mg/kg 253 <1
S mg/kg 31.1 2
(@) mg/kg n.a. <10

The propane feed was found to cause exceptionally low
catalyst poisoning when being subjected to dehydrogena-
tion.

The invention claimed is:

1. A method for producing propylene, the method com-
prising:

pretreating bio-renewable oil(s) and/or fat(s) to provide a

bio-renewable raw material;

deoxygenating the bio-renewable raw material, followed

by separation, to provide a feedstock including a pro-
pane feed; and
subjecting the propane feed to catalytic dehydrogenation
and to separation to provide a propylene material,

wherein the bio-renewable oil(s) and/or fat(s) comprise at
least one or more of glycerol, monoglycerides, diglyc-
erides and/or triglycerides,

wherein the pretreating is a reducing of contaminants

containing S, N and/or P in the bio-renewable oil(s)
and/or fat(s) to produce the bio-renewable raw mate-
rial, and

wherein the propane feed has a propane content of at least

80 wt.-%.

2. The method according to claim 1, wherein the deoxy-
genation is at least one process selected from a group
consisting of hydrodeoxygenation, decarboxylation, decar-
bonylation, and hydrocracking.

3. The method according to claim 1, comprising:

subjecting C3+ components produced in the deoxygen-

ation and separated from the propane feed to cracking
to produce additional gases, followed by separation of
at least propane in the additional gases and combining
the separated propane with the propane feed.

4. The method according to claim 1, comprising:

isomerizing the feedstock after the deoxygenation.

5. The method according to claim 1, wherein the pretreat-
ing comprises:

one or more pretreating processes selected from washing,

degumming, bleaching, distillation, fractionation, ren-
dering, heat treatment, evaporation, filtering, adsorp-
tion, hydrodeoxygenation, centrifugation and/or pre-
cipitation.

6. The method according to claim 1, wherein the pretreat-
ing of the bio-renewable raw material comprises:

at least one or more of partial hydrogenation, partial

deoxygenation, hydrolysis and transesterification.

7. The method according to claim 1, wherein the bio-
renewable raw material comprises glycerol and/or fatty acid
esters.

8. The method according to claim 1, wherein the bio-
renewable raw material contains a total sulfur content of at
most 500 ppm; and/or

wherein the bio-renewable raw material has a total phos-

phorus content of at most 300 ppm; and/or
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wherein the bio-renewable raw material has a total nitro-
gen content of at most 400 ppm.

9. The method according to claim 1 comprising:

removing contaminants containing O, S, N and/or P from
the propane feed, by one or more processes selected
from amine wash, distillation, fractionation, polishing,
steam distillation, and/or membrane separation.

10. The method according to claim 1, wherein the pro-

pylene material has a propylene content of at least 80 wt.-%.

11. The method according to claim 1, comprising:

blending the bio-renewable raw material in the deoxy-
genation step with a diluent, wherein the blend sub-
jected to deoxygenation contains at least 2 wt.-% of the
bio-renewable raw material.

12. The method according to claim 11, wherein the diluent
contains recycled product from the deoxygenation, and the
blend subjected to deoxygenation contains at least 10 wt.-%
of the recycled product from the deoxygenation.

13. The method according to claim 1, wherein the sepa-
ration after the deoxygenation to provide a propane feed
comprises:

separating at least propane from hydrogen using a mem-
brane separation technique.

14. The method according to claim 1, comprising:

a) providing bio-renewable oil(s) and/or fat(s) containing
at least one of glycerol, monoglycerides, diglycerides
and/or triglycerides;

b) pretreating the bio-renewable oil(s) and/or fat(s) to
remove contaminant(s) and to provide a bio-renewable
raw material; wherein
the pretreating optionally includes hydrolyzing and/or

transesterifying the bio-renewable raw material, fol-
lowed by separation to produce a C3 feed as the
bio-renewable raw material;

¢) deoxygenating, by hydrotreating, the bio-renewable
raw material to produce a bio-hydrocarbon feed, fol-
lowed by separating the propane feed from the bio-
hydrocarbon feed;

d) optionally cracking a deoxygenated C3+ stream sepa-
rated from the bio-hydrocarbon feed, followed by sepa-
ration of gases and combining at least propane in said
gases with the propane feed;

e) subjecting the propane feed to dehydrogenation and to
separation to provide a propylene material; and

f) optionally polymerizing the propylene material or a
derivative thereof to produce a polymer.

15. The method according to claim 1, comprising:

polymerizing the propylene material or a derivative
thereof, in a presence of co-polymerizable monomer(s)
and/or additive(s), to produce a polymer.

16. The method according to claim 15, comprising:

forming a polymer product, and/or a film, a molded
product, a coating composition, a coating, a packaging,
a construction material, a rubber composition, a tire, a
part of a tire, or a gasket, from the polymer optionally
together with other components.

17. The method according to claim 1, comprising:

separating a deoxygenation product obtained by deoxy-
genating the bio-renewable raw material into a gas
stream and a liquid stream; and thereafter

separating both propane and hydrogen from a remaining
gas stream and then separating propane from hydrogen.

18. The method according to claim 1, wherein:

the feedstock further includes a purified recycle hydrogen
gas stream, and

the deoxygenating comprises hydrodeoxygenating by
using the recycle hydrogen gas stream.
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19. The method according to claim 1, wherein the bio-
renewable oil(s) and/or fat(s) comprise at least 50 wt % of
the one or more of glycerol, monoglycerides, diglycerides or
triglycerides.

20. The method according to claim 1, wherein the bio-
renewable oil(s) and/or fat(s) comprise at least 75 wt % of
the one or more of glycerol, monoglycerides, diglycerides or
triglycerides.

21. The method according to claim 1, wherein the bio-
renewable oil(s) and/or fat(s) further comprise fatty acids.

22. The method according to claim 1, further comprising:

subjecting the propane feed, prior to the catalytic dehy-

drogenation, to one or more selected from amine wash,
distillation, fractionation, polishing, steam distillation,
or membrane separation.

#* #* #* #* #*

15

22



